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Method smd system for assisting steering of steered 
wheels of a vehicle and vehicle thus ecpiipped 

The present invention pertains to the field of the 
5 steering of land vehicles, in particular of motor 
vehicles provided with a mechanism of assisted steering 
or power steering. 

Conventionally, motor vehicles are provided with a 
10 chassis, a cabin, wheels linked to the chassis by a 
suspension mechanism with front steered wheels 
controlled by a steering wheel at the disposal of the 
driver in the cabin of the vehicle. Between the 
steering wheel and the ground wheels is provided a 
15 steering column rotationally secured to the steering 
wheel whose lower end is provided with a pinion acting 
on a rack, making it possible to rotate the ground 
wheels about a substantially vertical axis, so as to 
ensure their orientation and the rotation of the 
20 chassis of the vehicle. 

Such steering mechanisms may be hydraulically or 
electrically assisted so as to reduce the driver 
effort, in particular during maneuvers to a halt, for 
25 example, a parking maneuver. 

More recently, power steering arrangements have 
appeared comprising a sensor of the angular position of 
the steering wheel mounted some distance from an 
30 actuator acting on the rack as a function of the 
angular position detected by the sensor to which it is 
linked by a wire link. 

Document US A 5 884 724 describes a steering 
35 arrangement with variable geardown ratio, with 
maintaining of a constant geardown ratio for a few 
instants during a dynamic maneuver so as to avoid 
disturbance to the driver. The geardown may be small at 
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low speed so as facilitate the maneuvering of the 
vehicle that one seeks to park. 

However, the applicant has realized that a judicious 
5 refinement of the steering mechanisms made it possible 
moreover to increase safety and improve the road 
holding of the vehicle. Hitherto, the improvement in 
the road holding of the vehicle was obtained through an 
increase in the rigidity of the chassis, an improvement 
10 of the tires or else better adjustment of the 
suspension. 

Now, the delay time between the action of the driver on 
the steering wheel and the commencement of the turning 

15 of the vehicle is variable from one vehicle to another. 
In certain driving cases, the delay time may be 
prejudicial, or even dangerous. During an avoidance 
maneuver at average speed, a driver with average 
training will give an abrupt tug on the steering wheel 

20 of large amplitude. The amplitude given by the driver 
is increased if the driver feels that the vehicle is 
not turning immediately. At this moment, the vehicle 
begins to turn and may deviate significantly from the 
trajectory desired by the driver who reacts by counter- 

25 steering so as to put the vehicle back on line . The 
counter- steering of the driver may again be excessive. 
The de -phasing may be dangerous at that moment by 
rendering the vehicle unstable through a phenomenon of 
antinomy between the tugs on the steering wheel and the 

3 0 response of the vehicle. 

The invention aims to improve the dynamic 
characteristics of the vehicle through a refined 
steering mechanism. 

35 

The method of assisting the steering of steered wheels 
of a vehicle, according to an aspect of the invention, 
comprises the application of a phase advance between a 
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Steering wheel and a rack element so as to decrease the 
response time of the vehicle to an action of the driver 
of the vehicle on said steering wheel. Specifically, 
hitherto, the response time of a vehicle to an action 
5 on the steering wheel was imposed by the elastic 
kinematics of the running gear and the drift of the 
tires. The response time resulted from a compromise 
between course holding, angular dynamics and transient 
vehicle liveliness. Thus, the response time may be 
10 characterized by the delay between a tug on the 
steering wheel given by the driver and the commencement 
of the turning of the vehicle, stated otherwise, the 
yaw rate . 

15 The invention makes it possible to reduce the response 
time so as to allow smarter avoidance maneuvers able to 
increase- safety. 

In an embodiment of the invention, the speed of 
20 rotation and the angular acceleration of the steering 
wheel are measured or estimated and a steered wheels 
steering preset is emitted as a function of said speed 
of rotation and angular acceleration. The preset may be 
formulated by a control unit receiving as input said 
25 speed of rotation and angular acceleration . 

In an embodiment of the invention, the speed of 
rotation and the angular acceleration of the steering 
wheel are compared with predetermined thresholds, a 

30 phase advance being applied in case of overshoot of 
said thresholds . The steering preset can be calculated 
on the basis of the speed of rotation of the steering 
wheel, the angular acceleration of the steering wheel 
and of a temporal advance. The temporal advance may lie 

35 between 10 and 100 milliseconds, preferably between 40 
and 70 milliseconds, for example around 

60 milliseconds. 
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In another embodiment of the invention, the phase 
advance is calculated on the basis of the angle of 
steer of the steered wheels and of a temporal advance. 
The temporal advance may be calculated on the basis of 
5 the angle of the steering wheel. The phase advance may 
be equal to the sum of the product of the temporal 
advance times the speed of rotation and of the half- 
product of the square of the temporal advance times the 
angular acceleration. 

10 

The relation between the angle of the rack pinion and 
the angle of the steering wheel depends on the geardown 
which may be variable . The geardown ratio may be broken 
down into a static gain corresponding to the geardown 

15 in a quasi -static situation and a phase corresponding 
to additional elastic kinematics on. the steering 
column. To the delay due to this phase is added the 
response time of the chassis. The response time of the 
chassis is imposed by the mechanics of the running 

20 gear. On the contrary, the response time between the 
steering wheel and the pinion is modified by 
application of a negative phase, so that the overall 
response time is less than the response time due to the 
mechanics of the running gear. A phase advance is thus 

25 created between the steering wheel and the pinion. 

The invention also proposes a system for assisting the 
steering of steered wheels of a vehicle, comprising a 
means for applying a phase advance between a steering 
3 0 wheel and a rack element It is thus possible to 
decrease the response time of the vehicle to an action 
of the driver of the vehicle on the steering wheel . 

Advantageously, the system comprises a sensor of 
35 parameters of rotation of the steering wheel- The 
sensor may be of optical or magnetic type, for example, 
of Hall-effect type. 
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Advantageously, the means for applying a phase advance 
comprises a control \init receiving as input, parameters 
of rotation of the steering wheel, and provided with a 
means of calculation for calculating a phase advance 
5 dependent on parameters of rotation of the steering 
wheel . 

Advantageously, the system comprises a control unit 
able to apply a phase advance as a function of 
10 parameters of rotation of the steering wheel and an 
actuator able to displace the steering rack, in 
particular in response to an order originating from the 
control unit . 

15 In an embodiment of the invention, the means for 
applying a phase advance comprises a means for 
calculating a temporal advance as a function of angular 
parameters of the steering wheel, and a means for 
calculating a steer angle preset as a function of 

20 angular parameters of steering of the steered wheels 
and of the temporal advance. The means for calculating 
a steer angle preset may comprise a differentiator for 
calculating the angular speed of steer of the wheels of 
the vehicle and the angular acceleration of steer of 

25 the wheels of the vehicle on the basis of the angular 
position of steer of the wheels of the vehicle. The 
means for calculating an angle of steer preset may 
comprise a calculation element for calculating the 
angle of steer preset on the basis of the angular 

3 0 position of steer of the wheels of the vehicle, of the 
angular speed of steer of the wheels of the vehicle, of 
the angular acceleration of steer of the wheels of the 
vehicle and of the temporal advance. 

35 In an embodiment of the invention, the means for 
calculating a temporal advance as a function of angular 
parameters of the steering wheel comprises a fuzzy 
logic element for formulating a confidence index and a 
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table for deducing a temporal advance from the 
confidence index. Furthermore, the means for 
calculating a temporal advance may comprise a 
differentiator for calculating the angular speed and 
5 the angular acceleration on the basis of the angular 
position of the steering wheel. 

The invention also proposes a vehicle comprising a 
chassis, at least three land wheels one of which is a 

10 steered wheel and a system for assisting the steering 
of steered wheels of the vehicle provided with a means 
for applying a phase advance between a steering wheel 
and a rack element so as to decrease the response time 
of the vehicle to an action of the driver on the 

15 steering wheel. 

The vehicle may comprise power steering or else power 
assisted steering or else hydraulically assisted 
steering. 

20 

A trial has shown that a vehicle equipped with 
assistance with the steering of the steered wheels was 
able to negotiate a chicane at a speed of 75 km/h 
instead of 72 km/h for the same vehicle with no 
25 assistance with the steering of the steered wheels. 
This increase in the speed of travel is manifested in 
normal driving situations by increased safety making it 
possible to reduce the number of accidents involving 
another vehicle, a two- wheeler or a pedestrian. 

30 

The present invention will be better understood on 
reading the detailed description of an embodiment taken 
by way of wholly non- limiting example and illustrated 
by the appended drawings, in which: 

35 

figure 1 is a diagrammatic view from above of a 
vehicle equipped with the steering assistance 
system according to an aspect of the invention; 
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figure 2 is a simplified flowchart of the dynamic 
operation of the vehicle; 

5 - figure 3 is a logic diagram of the operation of a 
vehicle steering arrangement; and 

figure 4 shows a flowchart according to another 
embodiment of the invention. 

10 

As may be seen in figure 1, the vehicle 1 comprises a 
chassis 2, two front steered wheels 3 and 4 and two 
rear wheels, the wheels being linked to the chassis 2 
by a suspension mechanism (not represented) . Each front 

15 wheel 3, 4 is equipped with a sensor 5, 6 of the 
angular position of said front wheel 3, 4. The vehicle 
1 is supplemented with a steering system 7 comprising a 
steering wheel 8 disposed in a cabin, not represented, 
of the vehicle 1, a sensor 9 of the angular position of 

20 the steering wheel 8, a central unit 10 linked by a 
wire link 11 to the sensor 9 for receiving information 
pertaining to the angular position of the steering 
wheel 9, an actuator 12 linked by a wire link 13 to the 
central unit 10 for receiving orders from the central 

25 unit 10 and a rack 14 linking the actuator 12 to the 
steered wheels 3 and 4 . The central unit 10 is also 
linked to the sensors 5 and 6 so as to ascertain the 
angle of steer a(t) of the front wheels. The angle of 
steer a(t) may be equal to the average of the angles 

3 0 asCt) and ae(t) measured by the sensors 5 and 6. 

The sensor 9 is capable of detecting parameters of 
rotation of the steering wheel, for example, the angle 
a. The sensor may be of optical or magnetic type, for 
35 example, of Hall-effect type, cooperating with a coder 
angularly secured to the steering column, while the 
sensor is non- rotating. 
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The central unit 10 may be embodied in the form of a 
dedicated circuit, for example, of ASIC type, or of a 
microcontroller equipped with at least one memory and 
making it possible, on the basis of the information 
5 received from the sensor 9, to calculate the angular 
speed d and the angular acceleration d of the steering 
wheel 8 . 

As illustrated in figure 2, the calculation of the 
10 angular speed d and of the angular acceleration d of 
the steering wheel 8 is performed in step 15 . In step 
16, which may be performed at the same time as step 15, 
the central unit extracts a speed threshold from the 
memory and step 17 performs a comparison between the 
15 speed threshold and the angular speed d calculated in 
step 15 . If the angular speed calculated d is less than 
the threshold, then the central unit repeats step 15- 
If the angular speed calculated d is greater than the 
threshold, then we go to step 19, 

20 

Step 18, which may be performed simultaneously with 
steps 16 and 17, consists in the central unit taking an 
angular acceleration threshold from the memory. In step 
19, the central unit performs a comparison between the 

25 angular acceleration d calculated in step 15 and the 
acceleration threshold extracted from the memory in 
step 18 . If the angular acceleration d calculated is 
less than the threshold, then the central unit repeats 
step 15. Conversely, if the angular acceleration d 

30 calculated is greater than the threshold, then the 
central unit goes to step 20. It will be understood 
that the order in which steps 17 and 19 are performed 
may be reversed. In step 20, the central unit performs 
a calculation of the temporal advance ti to be applied 

35 by the actuator 12 having regard to the overshooting of 
the two thresholds and of the value of the angular 
speed d and of the angular acceleration d . The preset 
ttc of angle of steer of the wheel may be expressed as 
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follows: ttcCt) = a(t) + ti ct (t) + d{t)/2. The 

preset ttc to be applied is then dispatched to the 
actuator 12 through the wire link 13 . The phase advance 
q) expressed in angle units = q) = ti ct (t) + t^^^ d(t)/2. 
5 The temporal advance expressed in time units is ti. 

By way of variant, provision may be made for the 
central unit 10 to be provided with a mapping making it 
possible to determine a value of phase advance as a 
10 function of the angular speed d and of the angular 
acceleration d . The mapping then provides for a zero 
phase advance should the angular speed d or angular 
acceleration d be less than one of said aforementioned 
thresholds . 

15 

Illustrated in figure 3 is the manner of operation of a 
vehicle steering arrangement. A driver acts on a 
steering wheel 8 provided with a sensor of displacement 
parameters 9 . The link between the steering wheel 8 and 

20 the rack 14 is characterized by a gain 21 and a phase 
22 manifested by a delay ti in the case of a 
conventional steering arrangement. The characteristics 
of the chassis 2 and of the wheels 3 to 6 are 
manifested by a delay t2 before the yaw rate of the 

25 chassis 2 is modified. The central unit 10 therefore 
makes it possible to act on the phase 22 by applying a 
negative phase ti making it possible to reduce the 
response time in such a way that the overall response 
time becomes less than t2 . 

30 

The advance ti may be of the order of 6 0 milliseconds 
for a vehicle exhibiting a delay t2 of the order of 
140 milliseconds. More generally, the advance ti may 
lie between 10 and 100 milliseconds, preferably between 
35 40 and 70 milliseconds. 

In the embodiment illustrated in figure 4, the central 
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unit 10 comprises a situation detection module 22, a 
table 24 and a module 25 for calculating the preset 
angle ac(t)- The situation detection module 23 
comprises a filter 26, a differentiator 27 and a fuzzy 
5 logic element 28. The situation detection module 23 
receives as input the steering wheel angle av(t) 
measured by the sensor 9. The filter 26 performs a 
filtering of the steering wheel angle av(t) and 
provides a filtered steering wheel angle avf(t) to the 

10 differentiator 27, and to the fuzzy logic element 28. 
The differentiator 27 calculates the angular speed 
dv(t) and the angular acceleration dv(t) of the 
steering wheel. The fuzzy logic element 28 receives the 
filtered steering wheel angle av(t) , the angular speed 

15 dv(t) and the angular acceleration dv(t) of the 
steering wheel, and calculates a situation confidence 
index hu output by the situation detection module 23 to 
the table 24 . 

20 The table 24 relates the situation confidence index hu 
to a temporal advance ti output from said table 24 to 
the module 25 for calculating the preset angle ac(t). 
The module 25 receives as input the temporal advance ti 
and the angle of steer a(t) of the front wheels. 

25 

The module 25 for calculating the preset angle ac(t) 
comprises a filter 29, a differentiator 30, and a 
calculation element 31. The filter 29 performs a 
filtering of the angle of steer a(t) and provides a 

30 filtered angle of steer af(t) to the differentiator 30, 
and to the calculation element 31. The differentiator 
3 0 calculates the angular speed d (t) and the angular 
acceleration d (t) of steer. The calculation element 31 
calculates the steer preset angle ac(t) = af(t) + ti 

35 d (t) + ti^ d (t) /2. 

The fuzzy logic element allows adaptation to various 
situations, in particular by increasing the number of 
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fuzzy laws and/or of inputs of said element. The value 
of the temporal advance is therefore adapted to 
circumstances- Provision may be made to take account of 
the speed of the vehicle, and of other variables. 

5 

The invention therefore makes it possible to improve 
the behavior of a vehicle when traveling through a 
chicane. Trials have shown a reduction of more than 30% 
in drift at the center of gravity of the vehicle and a 

10 reduction of the order of 50% in angles of the speeds 
of rotation of the steering wheel. Thus, the vehicle 
equipped with the steering assistance is more reactive 
with reduced amplitudes of angles at the steering wheel 
and is controlled more readily with lower angles of 

15 drift. 

The invention applies to lightweight vehicles, to 
heavyweight trucks including those with multiple 
steered axles, to three-wheeled vehicles, to civil 
20 engineering or agricultural machinery or to tracked 
machinery . 



